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The Honorable Commissioner of Patents and Trademarks 
United States Patent and Trademark Office 
Washington, D. C. 20231 



I, Teruhiko NAWATA, declare and state that: 

1, In March, 1989, I was graduated from the graduate course 
of Kyushu University, Engineering Research Department, majoring 
in nuclear engineering and received a degree of Master of 
Engineering from the same University. 

Since April, 1989, I have been an employee of TOKUYAMA 
CORPORATION, and till the present time I have been engaged in 
the research and development work concerning polymer science, 
polymer processing and crystal growth. 

2 . I am a co-inventor of the invention described in the 
specification of the above-identified application. 



Sir : 



DECLARATION UNDER 37 CFR 1.132 
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3.. I carried out the following experiments. 
Comparative Experiment A 

Pulling of a calcium fluoride single crystal was carried 
out in the same manner as in Example 1 of the specification, except 
that in the single crystal pulling apparatus of Fig. 1, the barrier 
(13) was not provided. As a result, an as-grown single crystal 
of calcium fluoride having a straight barrel part maximum diameter 
of 28 cm and a weight of 16.5 kg was prepared. The length of 
the straight barrel part of the as-grown single crystal was 6 
cm. The main crystal growth plane was the (111) plane. 

Measurement of a light transmittance of the as-grown single 
crystal at a wavelength of 632.8 nm resulted in 72.5%. 

Comparative Experiment B 

Pulling of a calcium fluoride single crystal was carried 
out in the same manner as in Example 4 of the specification, except 
that in the single crystal pulling apparatus of Fig. 1, the barrier 
(13) was not provided. As a result, an as-grown single crystal 
of calcium fluoride having a straight barrel part maximum diameter 
of 22 cm and a weight of 17.0 kg was prepared. The length of 
the straight barrel part of the as-grown single crystal was 9 
cm. The main crystal growth plane was the (100) plane. 

Measurement of a light transmittance of the as-grown single 
crystal at a wavelength of 632.8 nm resulted in 68.5%. 
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Comparative Experiment C 

Pulling of a barium fluoride single crystal was carried out 
in the same manner as in Example 7 of the specif ication, except 
that in the single crystal pulling apparatus of Fig. 1, the barrier 
(13) was not provided- As a result, an as-grown single crystal 
of barium fluoride having a straight barrel part maximum diameter 
of 26 cm and a weight of 27 kg was prepared. The length of the 
straight barrel part of the as-grown single crystal was 9 cm. 
The main crystal growth plane was the (lll)plane. 

Measurement of a light transmittance of the as-grown single 
crystal at a wavelength of 632.8 nm resulted in 72.1%. 

Comparative Experiment D 

Pulling of a barium fluoride single crystal was carried out 
in the same manner as in Example 10 of the specif ication, except 
that in the single crystal pulling apparatus of Fig. 1, the barrier 
(13) was not provided. As a result, an as-grown single crystal 
of barium fluoride having a straight barrel part maximum diameter 

of 26 cm and a weight of 22 kg was prepared. The length of the 

r 

straight barrel part of the as-grown single crystal was 7 cm. 
The main crystal growth plane was the (100) plane. 

Measurement of a light transmittance of the as-grown single 
crystal at a wavelength of 632.8 nm resulted in 70.8%. 
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The undersigned declares further that all statements made 
herein of my own knowledge are true and that all statements made 
on information and belief are believed to be true; and further 
that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or 
imprisonment , or both/ under Section 1001 of Title 18 of the United 
States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issuing thereon. 

Respectfully submitted, 

Teruhiko NAWATA 

This 14th day of September, 2005 
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Large - Size CaF* Single Crystal for Next - Generation Uthography Lens 

MasaMroAoshmui K5l83i* w Akihlrc Gurtji 5«)S±* 4 * # Hiroyvte IsMbasM 



stB-e**., r^uiautt-r***^ 1 ; v^7<-iM?m «nMfeffiatf©fctoi= f 
£i£S£ (sio>) **)»?s»jt««Tajftitn**t4 un>uoo> 2tta??fl:* 

*Bot, <U1X100> ^rtL<?)^^£i,^T^i§:^240mm^.h^XS 

The design rule of semiconductors has come down to 90 nm node and will further 
turn into 66 run and 46 nm nodes, for which <111> and «=100> oriented calcium fluoride 
(CaFO single crystals are crucial. CaFi which excels synthetic quartz (SiOO in 
txansmittance in the vacuum ultraviolet region has been attracting attention in the 
semiconductor lithography field as a lens material to achieve high resolution. In order to 
meet the demand for this application, mass production of large-size single crystals has 
become a problem. We have developed a new efficient production technology by 
examining the crucible structure, optimizing the growth and annealing condition with 
the support of simulation analysis, and also optimizing the raw materials and proper 
scavenger. This technology can afford <111> or <100> oriented CaFt single crystals of 
more than 240 mm diameter with a yield of 96% or more. 
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Rfl. 1 Illustration of polycrysial generation during CaFa growth 

Cafe becomes polyerystalllne easily and the perimetric section has more 
grain pats than the interior of the crystal. 
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Fig. 2 Preferential orientation of CaF* single crystal growth 

Spontaneous nucleated growth of CaFi single crystal tends to orien in the 
oirection dose to (110) . 




HI 3 «flSS£B5^3->^> 'f^«) 

Fig. 3 Effect of crucible cone an^le on 
crystal quality 

The cone angle of the crucible afle ct6 the 
shape of (he interface between so id and 
liquid; about 120* is suitable to avoid 
polycryfiiaKinity. 
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Fig- 4 Appearance of CaFa single 
before and after application af me 
developed crucible technology f o f single 
crystal growth 

The developed technology will 
adhesion of CaFa to ihe eruefole; the 
efficiency *«H Improve sharply. 
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Fig. 5 Optimization of the 
temperature conditions in the fumadp i 
si(Tnrl2tiofi method 

The simulation results practically 
conformed to the actual mea&ureme it. ' 
method will be effective tn the setup of g 
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Fig. 6 Effect of the scavenger on 
iwwmiflanee of CaF» single crystals 

In Ofder 10 carry out impurity e*dlu$ion 
during crystal growth, the scavenger ia| t 
a high transmitranee crystal is c 
the seieenon of suitable raw. materials] < 
proper scavenger. 
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Fig. 6 Development of low-sues i high 
efficiency growth method C <ioo> CaF» 
single crystal) 

Compared with the conventional method, 
newly developed method will sharply 
me stress, average birefringence and fetch pii 
density in the crystal, resulting in eijceUent 
quality crystals. 
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Fig. 0 Reduction of the Birefringence of 
<1 00> CaF» single crystal by annealinj 
The uneven distribution ol ihe 
birefringence in the whole crysta' (5 
reduced by the anneaRng process 
by simulation analysis, resulting 
reduction of the total slress bi/efringenbe. 
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Fig. 10 Large size CaF> single c|y$tal6 
produced fay the developed technology 

These CaPs single crystals are expe ned to 
be applied in the Held of next-gem ration 
serroconduaor liihograehy. 



1) tt*. : C5JSttS,73 l 2 ( i99 (2004) 

a) *tt:£fMa$fc*%ntftij v/77 f-v-^vsv 

&, pl5 (2003) 
p7 (2003) 

4) 5*. Jffiift. *f : Lf Hfc* h 
(2003-1) 

5) JJLBumett etai : Phys. Rev. B£4 , 241102 (2001^ 

6) HJasper et el: Conference Record of 3 r d Int. Sym. on 
Lithography (Int. SEMATECH) (2002) 

7) N. Sengumwan, K. 8urr4ya, et al; Conference Record 
Int. Sym. cm l$?nm Lithography (Int. SEMATECH) (2002) 

6) R Senguttuvan, K. Surrqya, et el: Conference Record of 
Sym. on 167nm lithography (Im. SEMATECH) (2003) 



of 3 



4h 



24 



SEP-22-2005 01:19 



B£{tttx?-AJl>U#-r- Np.43 (2004-7) 



61334913166 



ft*. 

4Q, 26 



: 57nm 
r d 
Int 



88* 



P. 039 



20 0 5$ 9^22B 14415ft SffiM 



NO. 1 77 9 P. 40 



asas 



K£^TT*£Lfc B -£*»TT* 

Matfittaxcuc^StfraTT*. £3A<& 

A.K. 



*-At»HB *£fctTse*l£ES?fciH) 
*Bi**a**8-S77 KU>* : 

■ fi9aBMCBt**Bt^b«C.-5SSUTtt, »tt'f 
Wtp^n^^Hachl-cbein.co.lp/IapaDB«a^fO(lurtayindai-htaii 



« s a « 

Ji| u 8 * 

tt % » fi 

S « 2? 



t 5 S - 
F S S 3 

s SB ft 



ra « a g 

* A E - SB 

5? HI Z 

S H 2 



8 56 S 

* « 5 £ 

16 * S - 

t Q I $ 



4 X « 
* DJ i - 



* f/ 2004%' m 

ft f/ 7C B5MbftIMWt£tt 

mRI»Bf«M»S-Tai#l*(MEJ|.^) ttS (03)3346-3111 (*ftW 

Hft-WfA fill/ * 

Tioi-0054 xs«f-ftiiiEwnniirzTBiM5-9- fts (03)528i-eooi(*^w>asi*3) 

©0004 by Hitachi Chemical Co., Led. Printed in Japan(&&»r?u:1fc) 



SEP-22-2005 01:19 



61334913166 



98* 



P. 040 



2005$ 9^228 14916ft ffiftM 



NO. 1 779 P. 



41 



Partial translation of literature (1), Hitachi Chemical Technical Report, No.43, 19-24 (2004-7) 

3.2 Consideration of crucible structure 

In the Bridgman method, single crystals are in contact 
with a crucible all the time, from the raw material melting 
and crystal growth to the cooling. Accordingly, the crucible 
5 must have an inner surface configuration and material that will 
not induce polycrystallization. Some experiments have 
revealed many structural defects in crucibles that caused 
polycrystallization. To solve this problem, the following two 
will be necessary. First, the crucible inner surface must be 

10 optimized with a microscopic level, and second the crucible 
must be made of a material having low reactivity with CaF 2 . 
The authors have prepared crucibles of varied materials and 
inner surface conditions, and have actually grown CaF 2 single 
crystals to observe the effects. The pictures shown in Fig. 

15 4 compare a CaF z single crystal ingot grown in a conventional 
crucible and a CaF* single crystal ingot grown in a crucible 
developed considering the above two points. The ingot grown 
in the conventional crucible is shown to have many white 
particles that are probably CaF 2 single crystals adhering on 

20 the surface, which indicates reaction with the crucible 

surface. On the other hand, the CaF? single crystal grown in 
the newly developed crucible is highly transparent and has no 
trace of reaction with the crucible. The above consideration 
establishes that the optimization of crucible inner surface 

25 configuration and the selection of low-reactivity crucible 
material enable high-efficiency growth of CaF^ single 
crystals. 
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